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New cost structure approach in green buildings: Cost-benefit
analysis for widespread acceptance and long-term practice
Zhiyong Wang
ABSTRACT
Although the concepts of sustainable building have been widely accepted in the market,
there are unavoidable challenges toward widespread acceptance and long-term practice.
Crossing green building development, there is continually growing awareness in practices,
green products, and high-performance technologies among building design, development
and construction. The market has shown that there are concerns on lack of accurate and
quantifiable information to analyze the economic impacts of high-performance buildings.
It further implies that there are hurdles in the perception of cost, such as the high cost of
construction and operation. These perceived high costs have become stumbling blocks to
the acceptance of green building concepts.
While dealing with complexity, emergent behavior and the requirements of many
stakeholders, the cost factor directly impacts further development on green buildings,
which will be required to demonstrate value-added flow between owners and users. There
is a timely opportunity to evaluate the cost of construction and operation to determine
how the strategy to reduce this cost will benefit the sustainable building industry in long
run.
Sustainable buildings meet market and building owners' (as well as builders') demands
for new and renovated facilities, after consideration for less environmental impact. While
realizing the environmental stewardship and conservation, green buildings need to be
generated with an optimal balance of cost, in order to show environmental, societal, and
human benefits through the function of the intended facility or infrastructure.
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Based on current market research and data, there's a consistent disconnect between
capital costs and operating costs. Over past a few years, there has been a lot of discussion
and analysis on the true costs of green buildings and proposals to reduce the high
construction and operation costs in order to show returns on constructing an
environmentally responsible, high-performing facility. The objectives of this thesis are to
identify the strategies to reduce the construction and operation costs for building
sustainably and convince the industry to rethink construction budgeting and financing. In
order to provide quantification of cost, a comprehensive analysis will be done on the cost
of construction and operation of green buildings.
Key Questions:
The proposed thesis will address the following major questions:
" What kind of measurements are appropriate for the green building industry to capture
the costs of sustainability?
* What methodology can best be employed to monitor the long-term reduction of these
costs?
" What approach should be used to quantify the direct association between the cost
impacts and green building development?
* What are the commonalities and differences offered by these costing methodologies?
" What kind of green building can offer the greatest return on investment?
Thesis Advisor: Pat Hale
Title: Direction, System Design and Management Program
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Introduction
Application of green building practices, over the full life cycle of the building, have
provided the maximum savings in resources and energy. It also establishes the
enviornment's capability to reduce pollution for human health, adding applicable and
efficient space to live, work and activities. Ultimately, it enhances the natural harmony of
the building system.
Green building follows the principles of sustainable development, emphasizing the
harmony and unity of architecture and culture, environment , science and technology.
Sustainable development is a dominant trend in 21st Century World Architecture.
Revenue and cost factors must be considered to promote green building practices. Cost
benefit anlysis has been widely used in this field. There are various tools and methods to
assess cost throughout the entire design, construction and final operation. Green building,
also considered as sustainable building, can be financially justified, which has been
proven in previous reports (Zhang 2006).
"... strives to show that building green is cost-effective and does make financial sense
today. Though green buildings typically have a higher upfront cost compared to
conventional constructions, they do offer benefits that simply built-to-code projects lack.
These benefits include cost savings from reduced energy and water use, less waste
production, diminished environmental and emissions costs, lower operations and
maintenance costs, and enhanced occupant productivity and health. These values range
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from being fairly predictable (energy and water savings can be recorded over time) to
relatively uncertain (productivity/health benefits are somewhat arbitrary and subjective)."
(Zhang 2006)
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Current Situation
In the face of global climate changes, energy consumption demands, energy saving and
pressure to pretect environments, every country is seeking a strategy for sustainable
development in harmony with contemporary life styles. Green building becomes an
accepted concept for progressive people, and also is the clear direction for future building
development.
Unfortunately, in China, green building's implementation has not been widely promoted.
Using life cycle cost (LCC) and life benefit analysis (LBA) in green building, green
building development has been seen as in conflict and non-competitive with conventional
revenue-cost economic analysis (REA). This kind of externality of its economic problems
makes it difficult to promote green buildings.
In current green building development process, the incremental cost of green building has
grown into an unavoidable issue. For the development of sustainable building methods,
there are increasing concerns about construction costs. Reviewing green building projects
over the past 5-7 years, surveys have shown that many existing projects have reported
incremental cost as important factors contributing to the cost of sustainable development.
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1.0 China Green Building Status
In 2006, China released "the Green Building Evaluation Standard GB/T 50378", which
contains critical criteria for evaluating green building. It categorizes the evaluation levels
into one star, two stars and three stars. Each nation has its own building codes, which
directly influnce green building work. In China, domestic green building is primarily
evaluated based on national standards.
The required condition for evaluation of certified green building is to guanrantee one year
of normal usage after the completion of building. For green building planning and design
stages, starting in 2008, every company needs to participate in the green building design
evaluation which the standard requires to be identified in advance of construction. Very
few projects could meet the declaration of green building project to obtain a green
building rating logo (star), which is mainly carried out through evaluation of green
building design characteristics, planning and setting the project design stage assessment,
and granting the title after the implementation of green building design evaluation.
Green building constructions has increased in China, in spite of the barriers. In 2008 the
green label in organizing assessment (CHINAGBC) identifies the projects of the first
batch of green building design: Shenzhen Hua OCT Sports Center, Greenbelt Huichuang
quasi-A office building, the Shanghai World Expo 2010 Office Center. Those are 6
projects to represent green building developemnt. In November 2008 the second review
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was conducted by Vanke City at Wanda Plaza (residential section), called Greenbelt
emerald office project. In 2006, there were around ten rated Green Building Innovation
Awards. In 2007, there were about 50 declarations designating green building
demonstration projects. In 2008, there were more than 100 projects being constructed in
accordance with the green building standard prospective design and development, under
the national sustainable development policy guide. Across China, during the first quarter
of 2009, there was a surge in green building construction with economic growth. A wider
range of green building projects have been initiated, not only in the coastal areas, but also
in the central and western regions. Many projects are now in the planning stage for
construction in second-tier cities. Green buildings have increased in variety, including
new types of buildings besides the usual office buildings and residential projects. There
are growing numbers of projects in the exhibition hall, hospital, security set houses and
factories.
Although there has been comprehensive growth in green building projects in China, the
market in general is still dominated by conventional concepts. The increating
construction cost in many Green building is not only from the implementation of
technology, but from the associated operation(Sun 2006). Conventional concepts lead the
main market building development. There are two main reasons considered as the cause
of this phenomenon: early green real estate development projects often choose higher
prices for the pilot, which result the high cost of completing the project; the publicity
process highlighted the relationship between the mansion and the high-tech, which
heavily weigh on the cost structure.
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Green building is still in an early stage of development, ecological technology to support
green methods and related products are still scarce and because the market is small, not
economies of scale, the price is higher, the same resulting in higher cost of green
building. Two problems with the work to carry out and changes in the market, have been
resolved. Therefore, in this case, it is necessary to increase the cost to the green building
and impact the main factors of the incremental cost study and discussion, to this end, we
based green demonstration projects as well as some star project cost increment survey for
green building.
1.1 Chinese Building System
Development of the green building rating system is still in its early stages, and due to the
lack of practical experience and related technical fields of study, the evaluation system is
intended to be made robust by incorporating foreign experience. By the end of September
2001, the Science and Technology Committee of the Ministry of Construction announced
the Chinese eco Residential Assessment Manual, the index system main reference version
2.0 of the LEED Green Building Rating System, as well as integration of China's
"National Healthy demonstration projects technical points "and other regulations. The
"Green Olympic Building Rating System" in August 2003 was jointly launched by
Tsinghua University, the China Academy of Building Research, and nine research
institutes. Reference is made to the Japanese CASBEE green building rating system.
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Today, the China construction sector's prevailing "Green Building Evaluation Standard",
initiated by the Ministry of Construction and the Ministry of Science and Technology in
force on June 1, 2006, is China's first departure from the full life cycle of residential and
public buildings, multi-target, multi-level green building to conduct a comprehensive
evaluation of the recommended national standard. The standard is an evaluation system
by section incorporating the outdoor environment, energy efficiency and use of resources,
water conservation and water resource utilization, and materials and material utilization
of resources, indoor environmental quality and operations management indicators. Each
category of indicators controls projects with the best options. Those involved in the
assessment of green building should meet all the requirements regarding the control of
the various indicators and the extent of the preferred project, divided into 1 star to 3-star
three levels.
Due to the new standard, and limited to the current conditions, the system is only
applicable to the evaluation of the total residential buildings; public buildings consume
more energy and resources of public buildings, shopping malls, construction and hotel
building, and the standards are not enforceable. Adjustment for other buildings, according
to the actual situation of the building uses less energy to operate, can be used only to
provide a reference value.
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1.2 Compare with LEED evaluation in U.S.
LEED is a set of evaluation system organized by the U.S. Green Building Council, the
ecological assessment of existing buildings in the United States. As a systematic
assessment of green design and sustainable building rating certification system wins,
LEED has been widely recognized in the world, and is maturing. China's large population
and the average resources occupy less energy consumption. Building energy consumption
alone accounts for 1/5 of the total energy consumption in China. Seen in this light, the
implementation of green building in our country in order to reach a path to sustainable
development is imperative.
To make effective use of a system to evaluate a building to achieve green design and
sustainable development requirements, there is a need to establish a clear evaluation
certification system designed to detect the green effects reached and measure the extent
to which a building can achieve ecological benefits. At present, the global green building
rating system has been used in more than 20 projects, and continues to grow and develop.
LEED is considered to be one of the most influential evaluation criteria, and is widely
used worldwide. Currently, LEED use in China's construction sector is still in its infancy,
and must be combined with the actual situation of China's architectural development,
rational and effective use of the LEED rating system, to imagine the road to the
development of green building rating system.
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In 1993, the U.S. Green Building Council (USGBC) established as a non-profit
organization, whose members cover the various sectors of the construction field,
including design firms, construction companies, real estate developers and the public
sector. With the publication of a green building rating system in 1995, the Commission
began to study at the the USGBC Summit in August 1998 the formal launch of the
LEED .0 version, and in March 2000 released its version 2.0 update.
USGBC quickly realized after preliminary practice and evaluation to promote the
development of sustainable buildings, the primary task is to establish a scientific and
rational system to define and evaluate green building. USGBC began to research existing
green building standards and evaluation system, and, in November 2005 LEED2.1, and
LEED2.2 versions. But this time the LEED for new construction and major renovation
projects alone, with LEED continuing to mature and develop, gradually developed to
cover the six kinds of contact with each other for different building products the green
evaluation system (see Figure 1), including the LEED-NC (applicable to new
construction and major projects transformation), LEED-EB (applies to existing buildings)
LEED-CI (for commercial buildings), LEED-CS (applicable to the building structure and
shell), LEED for Homes (applicable green ecological house) and LEED for
Neighborhood development (applies to sustainable community development).
There are six kinds of LEED products. Careful consideration is required to categorize the
type and status of the construction project, while adhering to the same rigorous and
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consistent evaluation criteria. Each project has its own specialized compilation group,
while the group also needs to communicate with each other to ensure the continuity of the
evaluation system and through, and eventually has to pass the review of the LEED
Steering Committee. Each product, before launch, all must face all USGBC members in
public projects to test and the final vote may only be issued after their approval. As an
open development evaluation system, branch evaluation systems are constantly updated
in practice, to keep pace with the construction market. According to their needs,
customers apply for LEED certification suitable to their own building projects. LEED-EB
is not limited to the application of existing buildings; construction projects which have
been certified by the LEEI - NC can also apply for LEED-EB.
LEED (Leadership in Energy & Environmental Development), ,also known as the pilot
project of the development of energy and environmental design, is a green building rating
system launched by the U.S. Green Building Council to meet the requirements of the U.S.
construction market for green building assessment prevailing in the world, with frequent
updates and development . LEED provides a detailed reference standard to improve the
built environment and economic performance, evaluation of the building's overall
environmental performance from a the building full life perspective.
LEED assessment of the certification process can be divided into three stages. Per
LEED2.0, the evaluation process is shown as following:
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The first stage of assessment of the project can be registered online through the mail or
online application assessment, USGBC encourages builders to apply for projects in the
pre-design phase. During the support phase, USGBC LEED official website or other
means may be used to provide the reference guidance and the scoring rules, to help
designers to solve the problems encountered assuming basic score requirements are met.
The third step is the USGBC assessment, according to the documents submitted by the
applicant, leading to eventual project certification.
LEED sustainable site selection, effective use of water resources, energy and
environment, renewable energy use and measures to protect the environment, materials
and resources; indoor environmental quality aspects of the building are used to assess, to
judge the project's impact on the environment. , The sustainable site selection accounts
for about 20% of the total score; effective use accounting for 7% of the water resources,
energy and environment accounted for 25%, accounting for 19% of the materials and
resources, indoor environmental quality accounted for 22%, the innovative design 7%
(Chen, 2009). The LEED Green Building Rating System is a large system but is clearly
crucial in each evaluation project. LEED provides the conditions and terms of the
possible score. The project must first meet each assessment item under the precondition,
then building assessment is done in accordance with the relevant provisions of each score
using point scoring guidelines. Meanwhile, in order to facilitate user understanding of the
system, LEED has prepared detailed technical guidelines and manuals. For evaluation
purposes, LEED contains terms, requirements, submission techniques and strategies, and
elaborates on green building technical content and implementation of measures and
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routes to give the mature examples for guidance. In the end, these materials will be added
to the resulting scores of all assessment items to obtain a final score out of 69 points: 52
or more points provide platinum certification; 51 through 39 points result in gold
certification; 33 to 38 points yield silver certification, 26 points to 32 result in general
certification.
The current state of development of LEED:
LEED has a very complete certification system-the entire system includes the
certification of professionals to provide services support, training, and third-party
certification. The certification process can be completed via the Internet, conveniently
and quickly. According to USGBC statistics through 10 months of 2008, the global total
of 2024 projects earning LEED certification, cover an area of 259.2 million m2 . 1148
LEED assessment projects have been conducted: 14,240 types of building applications,
have received LEED at all levels of certification marks. China has a small number of
advanced construction projects which have achieved RED certification, including Beijing
Prosper Center, Oasis Skyway Garden Hotel Shanghai, Shenzhen Hushan apartment and
Harbin Le Pine shopping center.
Page 21 of 43
2.0 Incremental costs for green building
Green buildings use key resources like energy, water, materials, and land much more
efficiently than buildings that are simply built to code. (Kats-CA, 2003)
What is the incremental cost of green building? The Green Building contribution
compared to the increase of all costs should be counted in the growth of the green
building cost.
In a western country, the incremental cost of green building is divided into the old
sectional soft costs, the cost of green building technology and certification costs. (Kats,
G.H. 2003) Soft costs include the cost of green building design (the green consulting
fees), commissioning costs, application materials, finishing costs, and simulation
analyses costs (certification costs are also included in soft costs) (Kats, G.H. 2003). The
U.S. scholars have analyzed for statistical soft costs of LEED certification, and have
concluded it usually accounts for 3% to 5% of the construction cost. The smaller a project
is, the greater the proportion of soft costs. It includes green design costs that account for
about 0.7%; commissioning costs accounts for 0.5% to 1.5%; the finishing application
materials fee is around 0.05% to 3.8%. A small building takes the high range and a large
building takes the low range, an average of 0.7%; simulation analysis accounted for about
0.1%. (Kats, G.H. 2003)
Using the above definition, China's green building incremental cost, including green
building consulting costs, the cost of certification and green building technology
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incremental cost. Green building consulting costs, including the cost of green building
design, simulation costs, application materials finishing costs. In addition, the cost of
certification by the Ministry of Housing and Urban unified fee required to project
registration fee of 1000RMB, the design of a logo for 50,000 RMB, operators identified
as 15 million, part of the cost for expert review. The last part of the incremental cost of
green building technology, green building technology measures the incremental cost.
Incremental cost of green building technology measurements:
Due to different calculation methods of the various projects, calculated green building
technologies incremental costs vary widely. (Ma 2010) For example, when the three-star
projects are surveyed, the incremental cost of a project in Shanghai 380 RMB / m2 , the
incremental cost of a project in Shenzhen 600 RMB / m 2, and the incremental cost of a
project is 2127 RMB / m2 . These data have differences of multiples, which prompted us
to seek a more objective and rational calculation of the incremental cost of green building
technology.
The incremental cost of green building technologies has mainly three aspects:
First, the increase in green building technology measures, that is produced from scratch
increments, such as renewable energy systems and water treatment system; second,
enhanced technical measures, which are more efficient, such as enhanced insulation,
high-COP units, fan and water efficient pumps, as well as efficient light sources. These
different modifcations often are in tension and yield mixed results ('interactive costs'): in
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the building envelope, increasing the insulation will reduce the air conditioning load,
reducing the initial investment of the air-conditioning equipment.
Based on the above analysis, we can see the calculation method for estimating
incremental costs of green building technology. (Ma 2010)
Incremental Cost of Green Building Technology = Green Building Costs - Cost of
the Baseline Scenario ± Interactive Cost.
Statistical analysis shows that incremental cost emphasizes the importance of cost. In
economics, the definition of incremental costs is evolved from the marginal cost concept.
It is defined by economics under the current technology and production conditions, that
specific cost will increase according to the growth of output (capacity or volume of
business).
The principle underlying the incremental costs of green building is defined in the
construction of the goal of creating usable "Green Building Evaluation Standards"
requirements, which are based on a scenario: select a section of land with the outdoor
environment, energy efficiency and energy use, water conservation and utilization of
water resources, and materials and the use of material resources, indoor environmental
quality, and operational management and emply increased use of technical measures to
determine the increase in costs.
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Specific performance/funcationalities on incremental costs for green buildings can be
considered as following:
First, project managers need to get the project to reach the target under the conditions
required by the design standards before starting construction cost (basic cost). The
construction costs includes the cost of built soil and installation. Depending on local
energy efficiency standards or regulations, there will be mandatory requirements of the
various types of environmentally friendly materials market provisions in this access
system. Gong Jianzhong initial cost of the air-conditioning system, and attempts to
remove the fine decoration of the building of other costs in green building have shown no
affect on the results.
Second, project managers need to get the project to reach the green building rating
standards requirements, in the case of the construction cost (Green Construction Cost).
For each project, based on adopting new measuremeants and/or new technology, the cost
structure can be changed dramatically, such as increasing energy-saving rates from 50%
to 65% of the incremental cost. In addition, due to the implementation of green building,
any addition will directly cause a certain increase in cost, with the exception of potential
reductions on the original cost (Note: the original cost is different from the construction
cost and any additional increasing coast, based on Chinese buildling development
standards.), such as retaining structure analysis and refinement, reduced heating and
air-conditioning load, therefore it reduces the rated capacity of the original air-
conditioning equipment, which will further reduce equipment initial investment. This
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section has been referred to as "indirect cost reduction". In conclusion, the equation to
calculate incremental cost will be:
Green building incremental cost = green construction costs - the basis of cost -
indirect cost reduction
Description: green building incremental cost of the part of the project includes more than
"green building rating standards" and content, such as the solar hot water utilization rate
of 50% is the standard; in order to fully reflect the actual situation, the statistics project
more than 50% of the part also be included in the statistics of the incremental cost.
1) Benchmark Scenario 1: the design of the building is in accordance with national and /
or local standards, early intervention program, the incremental cost of green building
technology benchmark program defined in accordance with national and / or local
standard design building. Green building technologies incremental costs shall be: that the
program requires the design of a national or local energy efficiency design standards, the
products of local materials and equipment market access system provides pricing for the
cost of the baseline scenario, and the actual design of the project due to the use of
advanced programs or efficient equipmentincreased costs.
2) Benchmark programs: existing design
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If intervention is designed to start after a certain stage, the reference side is the case for
an existing design. The incremental cost increase in this program is dreved from the basis
of increase in costs. From the owners' point of view, they are more concerned based on
an existing design the program will increase the number of inputs, which is calculated
according to the baseline scenario incremental cost of green building technology, from
the research point of view, the incremental cost of green building technology benchmark
program is integrated program management and evaluation costs.
Consumption of resources and costs:
Under certain environmental standards, different equipment or facilities for the cost of
energy, water resources, materials are not the same, but it is relatively easy to estimate
the amount of resources that they are consuming, and then determine the price of
resources; thus, owners will be able to determine the resources/consuming costs.
Estimates of energy consumption must be under set specific conditions of the building
which, according to certain standards, enable the use of the energy consumption
estimation formulas and charts, or computer system simulation, and the number of each
energy consuming according to climate change, the use of accurate estimation.
Estimates of energy prices in the whole life cycle also appears more difficult, because the
reality of too many factors affecting the price of energy, and while the energy
consumption of various energy price adjustments or adjustment of the types of energy use
can not be estimated, such as natural gas after decades, the use of coal will slowly exit the
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range of people's daily energy use. Meanwhile, energy prices in different countries,
regions and price expectations are not the same, and predictions such as those from the
U.S. Department of Energy every year can be used to fprecast prices, so that the full life
cycle cost calculation of federal energy projects is feasible.
Domestic work in this area is still largely a blank state-there is no off-the-shelf source
to update the data, but China's energy prices are set by the state macro-control, not direct
economic fluctuations, plus GDP growth rate and inflation. The expansion rate will be
controlled in the appropriate range. According to the National Development and Reform
Commission in June 2008, energy prices exhibit an average of 4.7% adjustment factors,
as well as a combination of energy prices theoretical research and other energy prices.(Li,
1994), this paper expected future energy prices as the average rose 3 percent a year,water
resources prices standard reference material prices.
Operating and maintenance costs:
Operations and maintenance costs, including the operational phase to maintain normal
operations of construction projects, in addition to the renewal of equipment and resources
spent all costs required outside. Relative to other construction costs, operating and
maintenance costs are difficult to estimate, because of the different buildings' run plans
and run standards there is a great change-related expenses which are not the same, and
with the increase in building life cycle, the resulting equipment maintenance costs.
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Reference to a similar building costs estimates for operations and maintenance costs,
according to some indicators, the average gross floor area of the building in which
climate type, number of layers of the building, total construction area of the equipment
load, related equipment running standards, and abroad in this regard has been established
and published for a reference system, the CERL M & R database as promulgated by the
U.S. Department of Energy, from electrical to drainage, heating, ventilation, collected in
different periods of buildings required to complete a feature operators maintenance costs.
Secondly, in accordance with established standard rate estimates of operating and
maintenance costs, but also need to establish the run under the premise of the use of a
large number of the same types of buildings or equipment. Also, because the difference is
because of the operational and maintenance costs related equipment selection, equipment
suppliers by consulting, obtain similar operations and maintenance costs of the system is
also an effective method.
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3.0 Scope of the survey sample
Design evaluation identification only stays at the design phase, so the part of the
incremental cost and materials are more difficult to calculate at early on. In general, the
savings amount of material will reduce certain inputs, and recyclable materials. Materials
section relates to the usageof the recyclable material directly, which often result to
increasing inputs.
Due to company's confidential data, the company enaged in this survey will be named as
Company A for its green building development. Based on created surveys, some cost
information was able to be captured, but not all cost structure due to lack of data,
information discrapency and policy limitation. This will be further analyzed in section 4.
Mainly, company A shows all that they have. Because of growing market, new
technologies and limited expertise, a lot of cost information were treated more as
estimation which resulted in a much larger gap after implementation.
The project, by using the green building characteristics and the owners demand to color
architectural design concept, fully utilize energy-saving technologies, and reduce
building energy consumption, in order to save operating costs; going through the
environmental control and optimization segment to achieve a healthy and comfortable
indoor environment, improve the efficiency, and embody the theme of the environment of
real estate enabled realistic results. The project is mainly used in green building energy-
saving technical measures:
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" Green roofs
* Permeable ground
* High-performance building envelope
" Efficient emptyConditioning system and equipment
" Heat recovery systems
" Energy efficient lighting systems
" Sub-items measurement
" The light guide tube lighting
" Renewable energy elevator
" Low energy consumption and Office electrical equipment
* Water treatment systems
" Water-saving appliances
" Water-saving irrigation. Change good indoor environmental quality measures:
high-pressure fog system, PHT the light hydrogen ion purification device and
indoor air quality monitoring system.
Based on the project, company A calculated the incremental cost payback period as 15
years. By the time the survey conducted, the feedback clearly showed the longer payback
period could up to 18 years. The average cost of the initial incremental investment is over
1.5 Billon RMB. The project area covers 5 districts business development areas in the
city.
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4.0 Analysis
The life cycle analysis in green building is categorized into the following compoents
(Novick, 1990):
" Capital programming
" Concept study and analysis of alternatives
" Design, drawing and contract document preparation
" Construction
" Operations, inspection
" Maintenance
" Repair and rehabilitation
" Reconstruction, replacement or disinvestment (including demolition or disposal)
This type category covers various costs from the design, construction, maintenance, and
operation to rehabilitation of the facility with the entire full life service. Life cycle
analysis can give economic assessment on a project for the whole life service or specified
study period of a building (ASTM, 1994).
Currently in Chinese green building rating system, the data is not sufficient to support
this standard. Through quantitative analysis, many evaluations have difficulties to
complete assessment, such as in the construction, there will be amount of carbon dioxide
emissions caused by energy consumption, same for the material processing, interior
decoration increasing pollution content. In order to validate through each evaluation data,
based on green building rating standards, it is critical to have mature data, detailed
specific value of testing criteria and create easy access to these data for further
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assessment. Among standards, there is lack of detailed conditions for the evaluation of
the quantitative analysis, without qualitative requirements. With the improvement of the
detection technology, research development and the gradual improvement of the relevant
details of the evaluation criteria, green building evaluation and assessment standards will
be improved.
Among green building technology methods, the calculation of the incremental cost is
based on a given calculation method to compute in a green building project. The analysis
results show that the two star green building technology the incremental cost of 192.8
yuan / m2, the incremental cost of the energy-saving part this maximum, close to 50%.
On a single technology, high-performance Wai Retaining structure and the incremental
cost of renewable energy systems, green building technologies highest. Water-saving part
of the cost of water treatment system fee with the incremental cost of the water-saving
appliances and water-saving irrigation devices is not high, this more favorable to China's
severe water-saving situation, put not too many can achieve better water-saving effect.
Water treatment system investment relative higher view of this, the author recommends
the establishment of municipal water around unified into line treatment to reduce the
dispersion of small water station investment, improve economic performance.
Worthy of study within the incremental cost of green building capacity there are many,
this article only defines the incremental cost of green building technology the method of
calculation and benchmark program, the next step will be based on the method the
calculation of the incremental cost of the various green building, and then use statistical
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method to analyze the different building types in different star level of green building
technology incremental cost, incremental costs of green building technologies. The scope
of its median level, and thus increase national green building technology the amount of
the cost analysis to provide the basis; then the next step is for green building technology
surgery incremental cost sensitivity analysis, ie quantitative or qualitative analysis of
shadow factors of the incremental cost of the loud green building technology, in order to
reduce the green building.
Incremental cost payback period
The payback period is also known to return to the current period, the incremental cost
payback period to reflect the the incremental investment program profitability indicators,
time is relative to each other than the program Green Building traditional building
incremental revenue recycling green building early incremental investment needed .
Whether to consider the time value of money, can be divided into dynamic payback
period of the incremental costs and incremental costs static payback period.
Resource cost savings in the whole life cycle of the incremental cost payback period
persists, the renewal of equipment costs, as well as the residual value of the difference
between the incremental costs calculated payback period ignores the impact of these
factors, the time point after the possible resurgence of the incremental benefits of green
building recovery projects initial incremental investment, the economic evaluation can
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not accurately measure the economic effects of the program in the entire calculation
period, only as a secondary evaluation.
Incremental payback period to a certain extent matches the incremental cost of the initial
investment capital turnover rate, compared with the traditional payback period, you can
easily judge green buildings compared to traditional construction increased initial
investment whether the price is more economical and reasonable.
The average cost of the initial incremental investment
Initial investment costs for Green Building are generally higher than traditional building.
The initial incremental investment in the average cost of green building before the
operation and maintenance phase increased costs reflects on the cost of the construction
area, in order to enable investors to more intuitive understanding of green building
incremental investment.
The net income of the average incremental investment
Incremental investment net present value of green building is reflected in net income on a
per square meter construction area, that is, the average net income of the incremental
investment: this organization of the data helps investors reach a more intuitive
understanding of the benefits of green building incremental investment pricing
convenience in the sale or rental of green building stage.
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In this project the data was compared with traditional building energy consumption. The
cost structure based on the method described in this section showed the advantage in
energy efficiency but not obtain the maximum result.
Based on traditional building energy consumption, according to the October 1, 2001
introduction of "hot in summer and cold in winter residential building energy efficiency
design standards, energy-saving" reference architecture ", is designed to ensure the main
bedroom in winter is maintained at 18 degrees Celsius, with conditions in the summer of
26 degrees Celsius. To calculate annual estimates of heating and cooling costs, use winter
EER for an electric heater, air conditioning cooling summer EER 2.2, calculated aannual
heating, air-conditioning energy consumption, as the basis of energy consumption,
considered to be 100%.
Correlation coefficients of traditional architecture in this article are used to the standard
of architectural design at this stage; the windows heat transfer coefficient for ordinary
2double glazing 2.9w/m2 K, building facades using the ordinary 30mm thick powder
polystyrene particle insulation layer, air conditioning EER of 3.0 ordinary central air
conditioning. With the above calculation program based on the following results were
obtained:
Total electricity consumption of the unit floor area: 61.8kWh/m 2
The cost structure to evaluate the green buildings needs much more comprehensive
approach in assessing the technology, operation cost and incremental cost.
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5.0 Several major influencing factors of the incremental cost
1. Main impact of technology factors
Through the investigation of the incremental cost of green building in the sample
statistics, increments on six aspects of energy conservation and energy utilization, the
times for operations management and the cost of the indoor environment, the last turn for
water conservation, and land and materials, technical measures of the impact of the
incremental cost of renewable energy yield a proportion of 48.2%: the indoor
environment accounted for 7.5%, water conservancy with 2.6%, the envelope structure
accounted for 23.2% (Chen, 2009).
2. Geographical factors for the incremental cost
Green building projects are distributed throughout the country, after the other
Regional project statistics, the incremental cost of the East China Green Building anti-
While relatively low, this is because of the high cost of east China's construction, green
Relatively rigid color building incremental part of the cost of ingredients more as a
molecular rigid cost the same, and higher construction costs as the denominator, the
result 100 points than the slightly more. The Northwest Territories, the construction cost
is relatively low, so proportion of the incremental cost of the total construction cost is
relatively more than 3 project to locate and commercial motives incremental cost. The
impact of the incremental cost of the different positioning of the project and commercial
motives very large project management concept into corporate obligations (emphasis on
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compliance-type), domestic demand (the emphasis on the actual effect) and brand
promotion (advanced). Compliance uses green building star certification as the main
target; effectiveness is to focus on the actual effect of the whole system running, take full
account of the effectiveness of technical measures for comfort and long-term operation
and management of the project adjustment. The leading type of ambition is to try the new
advanced technology measures and methods. Classification of the 21 survey sample, after
statistical calculations, three types of green the proportion of the incremental cost of color
building statistics Table 5 below:
Certification-average incremental cost is 4.2%. The projects focus on practical results-
average 8.3%, the third sample in Gong is leading the project, the incremental cost of
15.9%. Due to leading type project pursuit of new technologies and measures, increased
costs will greatly exceed the standard requires ultra-process degree varies with the chosen
technology, so the present data is used as a reference only.
3. Green building feasibility study carried out on the incremental cost of the influencing
factors can also be seen in the survey, to carry out a feasibility study of green building at
different stages of project and the design of the incremental cost of a direct impact. If in
the earliest portion of the project, such as advance planning, program stage of the
building, design and green strategists consider synchronization, incremental costs will be
lower. At this stage shape can be fully considered and adapted to the building facade, and
layout, in order to reach the green requirements, and there is plenty of time for civil
engineering design, complete shading, natural ventilation, and natural lighting.
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Functionally, there is very little incremental cost increase at this time. As in the mid-and
late stages, such as the expansion of the early construction drawing design Stages often
have to go through additional technical measures and devices to achieve the same power,
but this can lead to larger incremental increases. This shows that we should, as much as
possible, conduct these green building analyses and make the decisions early in the
project as this will lead to opportunities to greatly reduce the incremental cost.
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6.0 Conclusion
According to the statistics of the local sample in Zhejiang provience, the average cost per
square meter of the one star rated project is 70 RMB, two-star average unit cost is 207
RMB, with 360 RMB for three-star. (a rounded number for reference). Due to the
different characteristics of the construction project, a number of factors such as different
sizes will produce different increments of cost data. Thus incremental cost of a one-star
project in 2008 was only 26 RMB / Square meters. These percentages are at the low end
of the range of productivity gains for each of the individual specific building measures-
ventilation, thermal control, light control and daylighting-analyzed above. They are
consistent with or well below the range of additional studies reviewed in the survey.
Green building improvements-especially for new buildings-appear to be very cost
effective compared with other available measures to improve performance. Based on the
project analyzed in company A, there are many factors influencing the incremental cost,
which directly drives variances in the cost structure of green buildings.
In the green building economic evaluation process, a distinction must be made between
the operating green buildings and green building in the pre-operational stages.
Like technical evaluation, economic evaluation is necessary on the basis of the
distinctions among different main beneficiaries, setting investment discount rate and the
funds expected ROI.
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Full life-cycle theory is the basis of the economic evaluation of green building green
building the initial stage of the incremental investment costs must be used by
construction during resource savings effectively improve health and efficiency to make
up for. Currently in China, due to lack of industry maturity, the proportion of the
incremental cost for green building in the initial investment stage is much higher than in
the developed countries. However, through the comparison between the two, the green
building evaluation of economic benefit, still has a certain theoretical and practical
significance.
Green building utilizes a very broad range of knowledge which can be effectively
integrated with the needs of professionals in all specialties. The external benefits of green
building are complex. The requirement for accurate and cost-effective evaluation presents
a certain degree of difficulty at this stage of development in the industry. Additionally,
domestic green building is still in the early stage of promotion, and support for green
building economic evaluation system falls short of requirements.
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